SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a semiconductor memory device for 

generating a startup timing of an internal circuit by using a dummy circuit. 
In particular, the present invention relates to a semiconductor memory device 
capable of relieving a dummy circuit without increasing a chip area to 
enhance a yield, thereby optimizing a startup timing of an internal circuit. 

10 

2. Description of the Related Art 

Various methods have been considered for generating a startup signal 
of an amplifier for amplifying data read from a memory cell by using a 
dummy memory cell, and allowing the startup timing of the amplifier to 
15 precisely follow the variation in read timing of the memory cell caused by a 
process, a voltage, and the like in a conventional semiconductor memory 
device. 

FIGS. 25 to 28 schematically show circuit configurations disclosed in 
"IEEE Journal of Solid-State Circuits, Vol. 36, No. 11, November 2001, pp. 

20 1738-1744" and U.S. Patent No. 6212117, as exemplary configurations of 
conventional semiconductor memory devices. 

In FIG. 25, reference numeral 500 denotes a memory array, 501 and 
502 denote dummy columns included in the memory array 500, and 504 
denotes a plurality of normal columns included in the memory array 500, 

25 respectively. Herein, the normal columns refer to those columns other than 
the dummy columns. 

Furthermore, reference numeral 505 denotes a dummy control circuit 
connected to a memory array 500, 507 denotes an amplifier control circuit 
that receives an output from the dummy columns 502, 508 denotes a column 

30 selector connected to the normal columns 504, 509 denotes an amplifier 
connected to the column selector 508 and the amplifier control circuit 507, 
and 510 denotes a row decoder connected to the memory array 500, 
respectively. 

FIG. 26 shows a partial configuration of the memory array 500 shown 
35 in FIG. 25. In FIG. 26, reference numeral 511 denotes normal memory cells, 
and SRAMs are used often as the normal memory cells. Reference numeral 
512 denotes dummy cells included in the dummy column 501, and 513 
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denotes dummy cells included in the dummy column 502, respectively. 

FIG. 27 shows a configuration of the memory cell 511 shown in FIG. 
26. FIG. 28 shows internal configurations of the dummy cells 512 and 513 
shown in FIG. 26 and an interconnection configuration therebetween. 
5 As shown in FIG. 28, transistors constituting the dummy cells 5 12 

and 513 have the same size as that of a transistor constituting the memory 
cell 511 shown in FIG. 27. Latch circuits included in the dummy cells 512 
and 513 are fixed at a predetermined level. 

As shown in FIG. 26, the memory cell 511 is connected to word lines 
10 WLO to WLx connected to the row decoder 510 in a row direction, and is 
connected to common bit fines BL and NBL in a column direction. 

As shown in FIG. 26, n dummy cells 512 among the plurality of 
dummy cells 512 are connected to a dummy word line DWL on an output side 
of the dummy control circuit 505, and the other dummy cells 512 are 
15 connected to a ground line, n dummy cells 512 are arranged successively 
from a position close to the amplifier 509. 

Among the plurality of dummy cells 513, n dummy cells 513 are 
connected to a dummy word line DWL on an output side of the dummy 
control circuit 505, and the other dummy cells 513 are connected to a ground 
20 line. Furthermore, the plurality of dummy cells 513 are connected to a 

common dummy bit line DBL, and the dummy bit line DBL is connected to 
the amplifier control circuit 507. n dummy cells 513 also are arranged 
successively from a position close to the amplifier 509. 

When a conventional semiconductor memory device configured as 
25 described above is operated, any of the word lines WLO to WLx connected to 
the row decoder 510 is selected, and the data in the memory cell 511 
connected to the selected word line is read to the bit lines BL and NBL. 

The bit lines BL, NBL, and the dummy bit line DBL are previously 
precharged to a high level, and are in a floating state when the word lines 
30 WLO to WLx are selected. Furthermore, since a plurality of normal columns 
504 are present, the data in the plurality of memory cells 511 connected to 
the selected word line is read to the bit lines BL and NBL. In this case, the 
data in the particular bit lines BL and NBL is selected by the column selector 
508. 

35 At almost the same timing as the timing at which the word lines WLO 

to WLx are selected, the dummy word line DWL on an output side of the 
dummy control circuit 505 is driven, and the transistors constituting the n 
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dummy cells 5 13 allow the dummy bit line DBL to change from a high level to 
a low level at a slew rate that is n times that of the memory cell 511. 

Then, a signal level of the dummy bit line DBL is detected, whereby 
the amplifier control circuit 507 generates an amplifier startup signal SAE. 
5 The amplifier 509 amplifies the data in the selected particular bit lines BL 
and BNL at a timing at which the amplifier startup signal SAE is input. 

For example, in the case where the amplifier 509 is desired to be 
started up when a supply voltage is 1.2 V, and the potential difference 
between the read data (BL) and the read data (NBL) from the memory cell 

10 511 is 100 mV, if the number of the dummy cells 513 to be selected is set to be 
< 6', the dummy bit line DBL changes to 600 mV G.e., a potential that is a half 
of a supply voltage) at a desired amplifier startup timing. Thus, the 
amplifier startup signal SAE can be generated merely by using a simple 
CMOS gate without using a complicated potential detection circuit. 

15 However, in the above-mentioned conventional semiconductor 

memory device, although wiring loads of the bit lines BL and NBL connected 
to the memory cell 511 are included in the dummy circuit, a load of the 
column selector 508 connected to the bit line is not included in the dummy 
circuit. Thus, the generation of a SAE signal based on a dummy bit line 

20 signal is delayed from the desired amplifier startup timing. 

Furthermore, in the above-mentioned conventional semiconductor 
memory device, the dummy cell 512 for driving the dummy bit line DBL is 
placed at a position close to the amplifier 509 with respect to the memory 
array 500. In the case where the memory cell 511 placed in an end portion 

25 on an opposite side of the amplifier 509 is selected, the delay due to the 

wiring resistance of the bit lines BL and NBL is not reflected. Therefore, the 
generation of a SAE signal based on a dummy bit line signal is advanced from 
the desired amplifier startup timing. 

Furthermore, in the above-mentioned conventional semiconductor 

30 memory device, the dummy cell 512 is operated at every read access to the 
memory array 500. In the case where there is a defect in the dummy cell 
512 itself, the amplifier cannot be started up at the desired timing or the 
amplifier cannot be started up, resulting a defective product. 

35 SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a semiconductor memory device capable of simulating 
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precisely a read timing of a memory cell, and enhancing a production yield. 

In order to achieve the above-mentioned object, a semiconductor 
memory device of the present invention includes- a memory array including a 
plurality of memory cells and a plurality of dummy cells; a row decoder 
5 connected to the memory array; a dummy control circuit connected to the 
memory array; a column selector connected to the memory array; an 
amplifier circuit connected to the column selector; a dummy column selector 
connected to the memory array; and an amplifier control circuit connected to 
the dummy column selector and the amplifier circuit. The plurality of 

10 dummy cells are arranged as a first dummy column including a first group of 
the dummy cells placed in a column at a position close to the row decoder in a 
row direction and a second dummy column including a second group of the 
dummy cells placed in a column at a position farthest from the row decoder in 
a row direction, with the plurality of memory cells interposed between the 

15 first dummy column and the second dummy column. The dummy control 
circuit activates the first dummy column and the second dummy column 
through a first dummy word line and a second dummy word line, respectively 
The dummy column selector selects either one of a signal on a first dummy 
bit line connected to the first dummy column and a signal on a second dummy 

20 bit line connected to the second dummy column. The amplifier control 
circuit generates an amplifier startup signal with respect to the amplifier 
circuit, based on a signal from the dummy column selector. 

According to the above-mentioned configuration, the first and second 
dummy columns are arranged respectively in a column with the memory cells 

25 interposed therebetween. Because of this, even in the case where there is a 
defect in a dummy cell in one of the dummy columns, the dummy cell can be 
replaced with a dummy cell in the other dummy column, whereby the 
production yield can be enhanced. Furthermore, a dummy column can be 
provided at a position farthest from the row decoder, so that the precision of 

30 exposure for the normal columns can be enhanced. In general, the dummy 
columns are placed at both ends of the memory cells so as to enhance the 
exposure precision. Thus, an arrangement area can be reduced further, 
compared with the case where a plurality of dummy columns are newly 
placed adjacent to the row decoder side. 

35 Furthermore, in the semiconductor memory device of the present 

invention, it is preferable that the dummy column selector includes a delay 
adjusting portion for adjusting a delay time with respect to signals output 
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from the first and second dummy columns. Because of this, the delay of an 
output signal of the dummy column selector can be adjusted, and the physical 
constraint of the arrangement of the dummy columns can be eliminated. 

Furthermore, in the semiconductor memory device of the present 
5 invention, it is preferable that the dummy control circuit outputs a signal for 
selecting either one of the first dummy column and the second dummy 
column to the dummy column selector, and the dummy column selector 
includes a first connection selecting portion for selecting either one of the first 
dummy column and the second dummy column, in accordance with a 

10 selection signal from the dummy control circuit. Because of this, even when 
there are defects in control fines, dummy memory cells, and output lines of 
the dummy memory cells, normal outputs can be selected to be used. 

Furthermore, in the semiconductor memory device of the present 
invention, it is preferable that the dummy control circuit includes a dummy 

15 word fine driver, a fuse element, a PMOS transistor, a NMOS transistor, a 
NMOS transistor for latching, an inverter for outputting, an inverter for 
inverting a signal, a first AND circuit for outputting an active signal to the 
dummy column on the row decoder side, and a second AND circuit for 
outputting an active signal to the dummy column farthest from the row 

20 decoder side. It also is preferable that* the fuse element is connected 

between a power supply and a source of the PMOS transistor; a reset signal 
is supplied to a gate of the PMOS transistor and a gate of the NMOS 
transistor* a drain of the PMOS transistor is connected to a drain of the 
NMOS transistor; a source of the NMOS transistor and a source of the NMOS 

25 transistor for latching are grounded; an input terminal of the inverter for 

outputting is connected to the drain of the PMOS transistor, the drain of the 
NMOS transistor, and a drain of the NMOS transistor for latching; an output 
terminal of the inverter for outputting is connected to a gate of the NMOS 
transistor for latching, an input terminal of the inverter for inverting a signal, 

30 one input terminal of the second AND circuit, and the dummy column 

selector; an output terminal of the inverter for inverting a signal is connected 
to one input terminal of the first AND circuit and the dummy column 
selector; and the other input terminals of the first and second AND circuits 
are connected to an output terminal of the dummy word line driver. 

35 Furthermore, in the semiconductor memory device of the present 

invention, it is preferable that the dummy column selector includes a delay 
adjusting portion for adjusting a delay time with respect to signals output 
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from the first and second dummy columns, and a second connection selecting 
portion for selecting either one of the signals subjected to delay adjustment by 
the delay adjusting portion in accordance with a selection signal from the 
dummy control circuit. Because of this, even in the case where there is a 
5 defect in the delay adjusting portion, a normal output alone can be selected. 

Furthermore, in the semiconductor memory device of the present 
invention, it is preferable that output signals of the first and second dummy 
columns are supplied to corresponding first and second amplifier control 
circuits through the dummy column selector, and the first and second 

10 amplifier control circuits output first and second amplifier startup signals to 
the amplifier circuit, respectively. Because of this, a shift of an amplifier 
startup timing caused by the difference in size of a memory cell array can be 
eliminated, and even in the case where there are defects in a plurality of 
amplifier control circuits, the amplifier circuit can be started up at a correct 

15 startup timing. 

Furthermore, in the semiconductor memory device of the present 
invention, it is preferable that the first and second amplifier control circuits 
respectively include a signal selecting portion for receiving first and second 
selection signals from the dummy control circuit and selecting whether or not 

20 the first and second amplifier startup signals are output to the amplifier 
circuit. Because of this, an amplifier startup signal can be adjusted at an 
appropriate timing. 

Furthermore, it is preferable that the first and second amplifier 
control circuits respectively include a delay adjusting portion for adjusting a 

25 delay time with respect to signals from the first and second dummy columns 
output from the dummy column selector. Because of this, an amplifier 
startup signal can be adjusted at an appropriate timing. 

Furthermore, in the semiconductor memory device of the present 
invention, the first and second dummy columns respectively include a 

30 switching cell configured by using the same element as that of the dummy 
cell, and the switching cell switches connection of the plurality of dummy 
cells in accordance with the first and second selection signals from the 
dummy control circuit. Because of this, in the case where there is a defect in 
a dummy cell, that dummy cell can be relieved. It is more preferable that a 

35 plurality of switching cells are connected in parallel. 

Furthermore, it is preferable that the semiconductor memory device 
of the present invention includes a test terminal for checking an output 
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signal of the amplifier control circuit. Because of this, even if the access 
speed of a memory is not checked, the output signal of the amplifier control 
circuit can be measured. Therefore, an amplifier startup signal can be 
adjusted easily at an appropriate timing. 
5 Furthermore, it is preferable that a plurality of control lines that are 

output lines of the dummy control circuit are wired so as to have an equal 
length on the first and second dummy columns and around the memory array. 
Because of this, the output delay of a plurality of dummy cells connected to 
the control lines can be made equivalent by setting the loads of the control 

10 lines to be equivalent. 

Furthermore, in the semiconductor memory device of the present 
invention, it is preferable that the delay adjusting portions of the dummy 
column selector and the amplifier control circuit are composed of a plurality 
of delay circuits having different delay times, and any of the plurality of delay 

15 circuits is selected in accordance with a memory capacity. Because of this, 
an amplifier startup signal can be generated in accordance with a memory 
capacity. 

These and other advantages of the present invention will become 
apparent to those skilled in the art upon reading and understanding the 
20 following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing one exemplary configuration of a 
semiconductor memory device according to Embodiment 1 of the present 
25 invention. 

FIG. 2 shows an internal configuration of a dummy control circuit 
shown in FIG. 1. 

FIG. 3 shows an internal configuration of a memory array shown in 

FIG. 1. 

30 FIG. 4 shows an internal configuration of a normal memory cell 

shown in FIG. 3. 

FIG. 5 shows an internal configuration of a dummy memory cell 
shown in FIG. 3. 

FIG. 6 shows an internal configuration of a dummy column selector 
35 shown in FIG. 1. 

FIG. 7 shows an internal configuration of an amplifier circuit shown 
in FIG. 1. 
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FIG. 8 shows an internal configuration of a dummy column selector 
shown in FIG. 1. 

FIG. 9 is a block diagram showing one exemplary configuration of a 
semiconductor memory device according to Embodiment 2 of the present 
5 invention. 

FIG. 10 shows an internal configuration of a dummy control circuit 
shown in FIG. 9. 

FIG. 11 shows an internal configuration of a dummy column selector 
shown in FIG. 9. 

10 FIG. 12 shows an internal configuration illustrating a modified 

example of the dummy column selector shown in FIG. 9. 

FIG. 13 is a block diagram showing another exemplary configuration 
of the semiconductor memory device according to Embodiment 2 of the 
present invention. 

15 FIG. 14 shows an internal configuration of a dummy column selector 

shown in FIG. 13. 

FIG. 15 shows an internal configuration of an amplifier shown in FIG. 

13. 

FIG. 16 is a block diagram showing still another exemplary 
20 configuration of the semiconductor memory device according to Embodiment 
2 of the present invention. 

FIG. 17 shows an internal configuration of an amplifier control circuit 
142 shown in FIG. 16. 

FIG. 18 shows an internal configuration of an amplifier control circuit 
25 143 shown in FIG. 16. 

FIG. 19 shows an internal configuration of an amplifier circuit shown 
in FIG. 16. 

FIG. 20A shows an internal configuration illustrating an example of a 
delay adjusting portion provided in the amplifier control circuits 142 and 143 
30 shown in FIG. 16. 

FIG. 20B shows an internal configuration illustrating an example of a 
delay adjusting portion provided in the amplifier control circuits 142 and 143 
shown in FIG. 16. 

FIG. 20C shows an internal configuration illustrating an example of a 
35 delay adjusting portion provided in the amplifier control circuits 142 and 143 
shown in FIG. 16. 

FIG. 2 1 is a block diagram showing one exemplary configuration of a 
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semiconductor memory device according to Embodiment 3 of the present 
invention. 

FIG. 22 shows an internal configuration of a memory array shown in 
FIG. 21. 

5 FIG. 23 shows an internal configuration of a dummy control circuit 

shown in FIG. 21. 

FIG. 24 shows an internal configuration of a switching cell shown in 
FIG. 22. 

FIG. 25 is a block diagram showing one exemplary configuration of a 
10 conventional semiconductor memory device. 

FIG. 26 shows an internal configuration of a memory array shown in 
FIG. 25. 

FIG. 27 shows an internal configuration of a normal memory cell 
shown in FIG. 25. 

15 FIG. 28 shows an internal configuration of a dummy cell shown in 

FIG. 25. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 

20 Hereinafter, a semiconductor memory device according to 

Embodiment 1 of the present invention will be described with reference to the 
drawings. FIG. 1 shows an overall configuration of the semiconductor 
memory device according to Embodiment 1 of the present invention. 

In FIG. 1, reference numeral 100 denotes a memory array, 101-1 

25 denotes a first dummy column that is one of the dummy columns included in 
two columns in the memory array 100, 101-2 denotes a second dummy 
column that is the other dummy column, and 102 denotes a plurality of 
normal columns included in the memory array 100. Herein, the normal 
columns refer to those columns other than the dummy columns in the 

30 memory array 100. 

In Embodiment 1, the first dummy column 101-1 and the second 
dummy column 101-2 respectively are arranged in a column with the normal 
columns 102 interposed therebetween. The first dummy column is placed at 
a position close to the row decoder 110 in a row direction, and the second 

35 dummy column is placed at a position farthest from the row decoder 110 in a 
row direction. The first and second dummy columns also will be collectively 
referred to as dummy columns 101. 
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Reference numeral 104 denotes a dummy column selector connected 
to an output of the dummy columns 101. The dummy column selector 104 
controls the selection between the first dummy column 101-1 and the second 
dummy column 101-2, in accordance with an output signal from the dummy 
5 control circuit 103 connected to the memory array 100. 

Reference numeral 105 denotes an amplifier control circuit connected 
to an output side of the dummy column selector 104, and 106 denotes a 
column selector connected to the normal columns 102, for selecting the 
normal columns 102. The output signals from the column selector 106 and 
10 the amplifier control circuit 105 are input to the amplifier circuit 107. 

FIG. 2 shows an internal configuration of the dummy control circuit 
103 shown in FIG. 1. In FIG. 2, reference numeral 140 denotes a dummy 
word line driver. When receiving a memory access signal CLK, the dummy 
word line driver 140 outputs dummy word line driving signals DWLl and 
15 DWL2 in accordance with the received signal. Reference numeral 140 A 
denotes a buffer. 

FIG. 3 shows an internal configuration of the memory array 100 
shown in FIG. 1. In FIG. 3, reference numeral 111 denotes memory cells 
included in the normal columns 102. In Embodiment 1, it is assumed that 
20 the memory cells are SRAMs. Reference numeral 112 denotes dummy cells 
included in the first dummy column 101-1 and the second dummy column 
101-2. As shown in FIG. 3, the first dummy column 101-1 and the second 
dummy column 101-2 are provided at both ends of the memory array 100, in 
which the dummy cells 112 are arranged in columns, respectively The 
25 normal columns 102 are placed in such a manner as to be interposed between 
the first dummy column 101-1 and the second dummy column 101-2. 

Herein, FIG. 4 shows an internal configuration of the memory cell 111 
shown in FIG. 3, and FIG. 5 shows an internal configuration of the dummy 
cell 112 shown in FIG. 3. As is apparent from the comparison between FIGS. 
30 4 and 5, a transistor constituting the dummy cell 112 has the same size as 
that constituting the memory cell 111, and a latch circuit included in the 
dummy cell 112 is fixed at a predetermined level. 

Furthermore, FIG. 6 shows a configuration of the dummy column 
selector 104 shown in FIG. 1. In FIG. 6, reference numeral 120 denotes a bit 
35 line precharge circuit, which receives a precharge signal PCG from a control 
circuit (not shown). Reference numeral 121 denotes a NAND gate. 

FIG. 7 shows a configuration of the amplifier circuit 107 shown in 
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FIG. 1. As shown in FIG. 7, a sense amplifier to be started up is selected 
from a plurality of sense amplifiers 107Ain accordance with an amplifier 
startup signal SAEl. 

First, as shown in FIG. 3, the memory cells 111 included in the 
5 normal columns 102 are connected to word lines WLO to WLx on an output 
side of the row decoder 110 in a row direction, and are connected to common 
bit lines BL and NBL of the normal columns 102 in a column direction. 

Furthermore, among a plurality of dummy cells 112 included in the 
dummy columns 101 placed so as to sandwich the normal columns 102, n 

10 dummy cells 112 are connected to a dummy word fine DWL1 or DWL2 placed 
on the memory array 100 at an end on a side of the row decoder 110 or at an 
end on an opposite side of the row decoder 110, and at a position farthest in a 
column direction from the side where the amplifier circuit 107 is placed. The 
other dummy cells 112 are grounded. 

15 It is assumed that, as the wiring of the dummy word lines DWLl and 

DWL2 in the memory array 100, wiring corresponding to the bit line wiring 
in the normal columns 102 is used. 

Furthermore, the outputs from n dummy cells 112 are connected to 
the dummy bit lines DBLl and DBL2, respectively, and the dummy bit lines 

20 DBLl and DBL2 are connected to the dummy column selector 104. 

When the memory array 100 is accessed from the outside, any of the 
word lines WLO to WLx connected to the row decoder 110 is selected, and the 
data in the memory cell 111 is read to the bit lines BL and NBL. The bit 
lines BL and NBL of the normal columns 102, and the dummy bit lines DBLl 

25 and DBL2 of the dummy columns 101 are precharged to a high level by a bit 
line precharge circuit 120, and are in a floating state when any of the word 
lines WLO to WLx is selected. Since there are a plurality of normal columns 
102, a plurality of data are read to the bit lines BL and NBL, respectively, 
and the data in the particular bit lines BL and NBL are selected by the 

30 column selector 106. 

At almost the same timing as the timing at which any of the word 
lines WLO to WLx is selected, the dummy word line DWLl or DWL2 
connected to the dummy control circuit 103 is driven, and transistors 
constituting n dummy cells 112 allows the potential of the dummy bit line 

35 DBLl or the dummy bit line DBL2 to change from a high level to a low level 
at a slew rate that is n times that of the memory cells 111. 

Then, the dummy column selector 104 selects a dummy bit line that 
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changes to a low level among the dummy bit lines DBL1 or DBL2, and 
transfers a DBL signal to the amplifier control circuit 105. When receiving 
the DBL signal, the amplifier control circuit 105 generates an amplifier 
startup signal SAE, and the amplifier circuit 107 amplifies the data in the 
5 particular bit lines BL and NBL selected by the column selector 106, based on 
the amplifier startup signal SAE. 

Because of the above configuration, a load of the column selector 106 
connected to a bit line is included in a dummy circuit, whereby the delay of 
generation of a SAE signal with respect to a desired amplifier startup timing 

10 can be avoided in advance. 

Furthermore, the dummy cells 112 driving the dummy bit lines DBL 
are placed at ends on an opposite side of the amplifier circuit 107 with respect 
to the memory array 100. Therefore, the delay due to the wiring resistance 
of the bit lines BL and NBL can be reflected, whereby the generation of a 

15 SAE signal can be prevented from being advanced with respect to the 
amplifier startup timing. 

Furthermore, according to Embodiment 1, a plurality of dummy 
columns are arranged respectively in a column with the memory cells 
interposed therebetween. Because of this, even in the case where there is a 

20 defect in a dummy cell of one of the dummy columns, the defective dummy 
cell can be replaced with a dummy cell of the other dummy column, whereby 
a production yield can be enhanced. Furthermore, the dummy column can 
be provided at a position farthest from the row decoder 110, so that the 
precision of exposure for the normal columns can be enhanced. In general, 

25 the dummy columns are placed at both ends of the memory cells so as to 

enhance the exposure precision. Thus, an arrangement area can be reduced 
further, compared with the case where a plurality of dummy columns are 
newly placed adjacent to a row decoder side. 

Furthermore, as shown in FIG. 8, it also is considered that a delay 

30 adjusting portion 123 is provided in the dummy column selector 104. More 
specifically, as shown in FIG. 8, the time delay occurring between the first 
dummy column 101-1 close to the row decoder 110 and the second dummy 
column 101-2 farthest from the row decoder 110 can be adjusted by using 
buffers 122. 

35 Thus, by providing the delay adjusting portion 123, it is easy to adjust 

the output timing at the dummy columns 101, and the same effect can be 
obtained even if the dummy column 101 is placed at any position as long as it 
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is in the memory array 100, which can eliminates the physical constraint in 
terms of arrangement. 

5 Embodiment 2 

Hereinafter, a semiconductor memory device according to 
Embodiment 2 of the present invention will be described with reference to the 
drawings. FIG. 9 shows an overall configuration of the semiconductor 
memory device according to Embodiment 2 of the present invention. 

10 In FIG. 9, reference numeral 131 denotes a test terminal for 

measuring the generation of an amplifier startup signal SAE, 203 denotes a 
dummy control circuit connected to a first dummy column 101-1, a second 
dummy column 101-2, and a dummy column selector 204, and 204 denotes a 
dummy column selector connected to outputs of the first dummy column 

15 101-1, the second dummy column 101-2, and the dummy control circuit 203. 
The remainder of the configuration is the same as that of the semiconductor 
memory device according to Embodiment 1 shown in FIG. 1. Therefore, like 
reference numerals denote like components, and the detailed description . 
thereof will be omitted here. 

20 FIG. 10 shows an internal configuration of the dummy control circuit 

203 shown in FIG. 9. In FIG. 10, reference numeral 140 denotes a dummy 
word line driver. When receiving a memory access signal CLK, the dummy 
word line driver 140 outputs a dummy word line driving signal DWL. 
Reference numeral 241 denotes a selection circuit that outputs a signal SELl 

25 or SEL2 for selecting either one of the dummy word lines DWLl and DWL2, 
when receiving a RESET signal. 

Furthermore, reference numeral 242 denotes a fuse element, 129 
denotes a PMOS transistor, 130 denotes a NMOS transistor, 133 denotes a 
NMOS transistor for latching, 128 denotes an inverter for outputting, 132 

30 denotes an inverter for inverting a signal, and 127 denotes AND circuits (first 
and second AND circuits) that output DWLl or DWL2, respectively. 

The fuse element 242 is connected between a power source and a 
source of the PMOS transistor 129, and a gate of the PMOS transistor is 
supplied with the RESET signal. Furthermore, a drain of the PMOS 

35 transistor 129 is connected to a drain of the NMOS transistor 130, a source of 
the NMOS transistor 130 is grounded, and a gate of the NMOS transistor 130 
is supplied with the RESET signal. 
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An input terminal of the inverter 128 for outputting is connected to 
the drain of the PMOS transistor 129, the drain of the NMOS transistor 130, 
and a drain of the NMOS transistor 133 for latching, and the source of the 
NMOS transistor 133 for latching is grounded. 
5 An output terminal of the inverter 128 for outputting is connected to 

a gate of the NMOS transistor 133 for latching, an input terminal of the 
inverter 132 for inverting a signal, the AND circuit 127 for outputting DWL2, 
and the external dummy column selector 204. The output terminal of the 
inverter 132 for inverting a signal is connected to the external dummy 

10 column selector 204 and the AND circuit 127 for outputting DWL1. 

FIG. 11 shows an internal configuration of the dummy column 
selector 204 shown in FIG. 9. In FIG. 11, reference numeral 124 denotes a 
first connection selecting portion for receiving the selection signal SELl or 
SEL2 that is an output signal of the dummy control circuit 203, and selecting 

15 which of the dummy columns 101 should be connected. Reference numeral 
125 denotes a NOR gate. 

When the memory array 100 is accessed from outside in the 
semiconductor memory device thus configured, any of the word lines WL0 to 
WLx connected to the row decoder 110 is selected, and the data in the 

20 memory cell 111 is read to the bit fines BL and NBL. The bit lines BL and 
NBL of the normal columns 102, and the dummy bit lines DBL1 and DBL2 of 
the dummy columns 101 are precharged to a high level by a bit line precharge 
circuit 120, and are in a floating state when any of the word lines WL0 to 
WLx is selected. Since there are a plurality of normal columns 102, a 

25 plurality of data are read to the bit lines BL and NBL, respectively, and the 
data in the particular bit lines BL and NBL are selected by the column 
selector 106. 

At almost the same timing as the timing at which any of the word 
lines WL0 to WLx is selected, the dummy word line DWLl or DWL2 that is 
30 an output line of the dummy control circuit 203 to be selected with a SELECT 
signal is driven, and transistors constituting n dummy cells 112 allow the 
potential of the dummy bit fine DBLl or the dummy bit fine DBL2 to change 
from a high level to a low level at a slew rate that is n times that of the 
memory cells 111. 

35 Then, the dummy column selector 204 selects a dummy bit line that 

changes to a low level among the dummy bit lines DBLl or DBL2 selected by 
the dummy control circuit 203, and transfers a DBL signal to the amplifier 
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control circuit 105. When receiving the DBL signal, the amplifier control 
circuit 105 generates an amplifier startup signal SAE, and the amplifier 
circuit 107 amplifies the data in the particular bit lines BL and NBL selected 
by the column selector 106, based on the amplifier startup signal SAE. 
5 In the above operation, the dummy word lines DWL1 and DWL2, and 

the dummy bit lines DBL1 and DBL2 are selected by the dummy control 
circuit 203. More specifically, during a test, first, a low-level signal is 
applied as the RESET signal to select the dummy word fine DWL1 and the 
dummy bit fine DBL1, whereby a memory access test is performed. Then, a 
10 high-level signal is applied as the RESET signal to select the dummy word 
line DWL2 and the dummy bit line DBL2, whereby a memory access test is 
performed. 

In the case where the dummy word line DWL1 and the dummy bit 
line DBL1 are normal, the fuse element 242 shown in FIG. 10 is not 

15 disconnected. In the case where it is desired to switch to the dummy word 
line DWL2 and the dummy bit line DBL2, the fuse element 242 is 
disconnected. Then, a memory access is measured again, and after the 
memory access is confirmed to be in an allowable range, the device is used. 

In the case of providing a test terminal, the generation timing of the 

20 amplifier startup signal SAE is measured at the test terminal 131 (FIG. 9). 
When the generation timing is in an allowable range with respect to a 
previously set timing, the dummy word line DWLl is selected without 
disconnecting the fuse element 242 included in the selection circuit 241 
shown in FIG. 10. Thus, the dummy bit line DBLl is selected by the first 

25 connection selecting portion 124 in the dummy column selector 204 shown in 
FIG. 11. 

When the generation timing of the amplifier startup signal SAE 
measured at the test terminal 131 is outside of an allowable range, the fuse 
element 242 is disconnected with a laser or the like to select the dummy word 

30 line DWL2, whereby the dummy bit line DBL2 is selected by the first 

connection selection portion 124 in the dummy column selector 204 shown in 
FIG. 11. In this state, the generation timing of the amplifier startup signal 
SAE is measured at the test terminal 131 again, and after the generation 
timing is in an allowable range, the device is used. 

35 As described above, according to Embodiment 2, by providing a test 

terminal, a defect of a dummy cell can be confirmed without fail, and a 
dummy column can be replaced when there is a defect in a dummy cell. 
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Therefore, the production yield can be enhanced without increasing the chip 
area. 

Furthermore, as shown in FIG. 12, it also is considered to provide a 
plurality of connection selecting portions in the dummy column selector 204. 
5 FIG. 12 shows another internal configuration of the dummy column selector 
204 shown in FIG. 9. 

As shown in FIG. 12, the above-mentioned another internal 
configuration is characterized in that the dummy column selector 204 
includes a second connection selecting portion 126 for selecting the connection 

10 of an output of the delay adjusting portion 123, in addition to the first 

connection selecting portion 124 for selecting the connection of the dummy 
columns 101, based on the selection signals SELl or SEL2 output from the 
dummy control circuit 203. 

Because of the above configuration, even in the case where there is a 

15 defect in the delay adjusting portion 123, DBL1 that is an output signal from 
the first dummy column 101-1 close to the row decoder 110 or DBL2 that is 
an output signal from the second dummy column 101-2 farthest from the row 
decoder 110 can be used fully by the second selection connecting portion 126. 
Thus, the production yield can be enhanced similarly. 

20 FIG. 13 is a block diagram showing another exemplary configuration 

of the semiconductor memory device according to Embodiment 2 of the 
present invention, which is characterized in that two amplifier control 
circuits are provided. FIG. 14 shows an internal configuration of a dummy 
column selector 304 shown in FIG. 13. FIG. 15 shows an internal 

25 configuration of the amplifier circuit 109 shown in FIG. 13. 

DBL1 and DBL2 that are output signals of the dummy columns 101 
are connected to the amplifier control circuits 105 and 108 through the 
dummy column selector 304. Then, an amplifier startup signal SAE1 and an 
amplifier startup signal SAE2 from the amplifier control circuits 105 and 108 

30 are connected to different sense amplifiers 10 7 A in the amplifier circuit 109. 

Because of the above configuration, a separate amplifier startup 
signal can be output for each of the dummy columns 101, and a sense 
amplifier corresponding to each of the dummy columns 101 can be started up. 
Therefore, a shift of an amplifier startup timing caused by the variation in 

35 size of the memory cell array 100 can be eliminated. 

Furthermore, as shown in FIG. 16, it also can be considered that a 
test terminal is provided for each amplifier control circuit. FIG. 17 shows an 
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internal configuration of one amplifier control circuit 142 shown in FIG. 16. 
As shown in FIG. 16, the amplifier control circuit 142 is connected to the 
dummy control circuit 203 and the first dummy column 101-1, and outputs 
an amplifier startup signal SAE1 to an amplifier circuit 141. Furthermore, 
5 as shown in FIG. 17, the amplifier control circuit 142 has a delay adjusting 
portion 105B having a plurality of buffers 122 so that the time delay of the 
amplifier startup signal SAE1 output from an amplifier control signal 
generation portion 105Acan be adjusted. Reference numeral 142A denotes a 
signal selecting portion, and 128 denotes an inverter. 

10 Furthermore, FIG. 18 shows an internal configuration of the other 

amplifier control circuit 143 shown in FIG. 16. This configuration is the 
same as that of the amplifier control circuit 142, except that there is no delay 
adjusting portion 105B. The reason for this is as follows^ the amplifier 
control circuit 143 is connected to the second dummy column 101-2 placed at 

15 a position farthest from the row decoder 110, and the time delay is adjusted 
based on a signal output from the second dummy column 101-2. 

FIG. 19 shows an internal configuration of the amplifier circuit 141 
shown in FIG. 16. A plurality of sense amplifiers 107A are provided with the 
amplifier startup signal SAE1 from the amplifier control circuit 142 and the 

20 amplifier startup signal SAE2 from the amplifier control circuit 143, 

respectively. Furthermore, as shown in FIGS. 17 and 18, the amplifier 
control circuits 142 and 143 have a signal selecting portion 142 A for receiving 
SEL1 or SEL2 that is an output signal of the dummy control circuit 203, and 
selecting whether or not the amplifier startup signals SAEl and SAE2 should 

25 be output. 

FIGS. 20A, 20B, and 20C show examples of the delay adjusting 
portion generated by a generator in the amplifier control circuit 142. In the 
case where a time delay is small, a delay adjusting portion 105C is generated, 
in which a small number of buffers 122 are used, as shown in FIG. 20 A. In 
30 the case where a time delay is large, delay adjusting portions 105D, 105E, 
and the like are generated, in which a large number of the buffers 122 are 
used, as shown in FIGS. 20B and 20C. Thus, a plurality of delay circuits 
having different delay times can be generated in accordance with the memory 
capacity. 

35 With the above configuration, even in the case where there is a defect 

in the amplifier control circuit 142 or the amplifier control circuit 143, a sense 
amplifier can be started up by using either one of the amplifier control 
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circuits. 

Embodiment 3 

Hereinafter, a semiconductor memory device according to 
5 Embodiment 3 of the present invention will be described with reference to the 
drawings. FIG. 2 1 shows an overall configuration of the semiconductor 
memory device according to Embodiment 3 of the present invention. In 
Embodiment 3, two amplifier control circuits in Embodiment 2 are provided. 
In FIG. 21, reference numeral 300 denotes a memory array, 301-1 

10 denotes a first dummy column that is one of the dummy columns included in 
two columns in the memory array 300, 301-2 denotes a second dummy 
column that is the other dummy column, and 303 and 305 denote dummy 
rows included in the memory array 300, respectively. In Embodiment 3, the 
dummy columns 301-1 and the second dummy column 301-2 are arranged 

15 respectively in a column with normal columns 302 interposed therebetween. 
The first dummy column 301-1 is placed at a position close to a row decoder 
310 in a row direction, and the second dummy column 301-2 is placed at a 
position farthest from the row decoder 310 in a row direction. The first and 
second dummy columns will be referred to as the dummy columns 301. 

20 Furthermore, reference numeral 304 denotes a dummy column 

selector connected to outputs of the first dummy column 301-1 and the 
second dummy column 301-2, and either one of the first dummy column 
301-1 and the second dummy column 301-2 is selected depending upon the 
output signal of the dummy control circuit 403 connected to the memory 

25 array 300. 

Dummy word lines DWL1, DWL1A, DWL2, and DWL2A, and SEL1 
and SEL2 that are output lines of the dummy control circuit 403 are 
connected to the dummy columns 301. Dummy bit lines DBL1 and DBL2 
that are output lines of the dummy columns 301 placed on the right and left 

30 sides with the normal columns 302 interposed therebetween are connected to 
the dummy column selector 304. The first amplifier control circuit 142 
receives the output signal SEL1 of the dummy control circuit 403 and the 
output signal of the first dummy column 301-1. The second amplifier 
control circuit 143 receives the output signal SEL2 of the dummy control 

35 circuit 403 and the output signal of the second dummy column 301-2. 

The remainder of the configuration is the same as that shown in FIG. 
13. Therefore, like components are denoted with like reference numerals, 
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and the detailed description thereof will be omitted here. 

FIG. 22 shows an internal configuration of the memory array 300 
shown in FIG. 21. In FIG. 22, reference numeral 116 denotes a plurality of 
dummy cell groups that are selected respectively by the dummy word lines 
5 DWL1, DWL1A, DWL2, and DWL2A among a plurality of dummy cells 112 
placed in the dummy columns 301, and drive the dummy bit lines DBL1 and 
DBL2. 

FIG. 23 shows an internal configuration of the dummy control circuit 

403 shown in FIG. 21. In FIG. 23, a dummy word line driver 140 outputs a 
10 DWL signal when receiving a memory access signal CLK. Reference 

numeral 241 denotes selection circuits that output the signal SELl or SEL2 

for selecting either one of the outputs of the dummy cells 112, when receiving 

a RESET 1 signal or a RESET2 signal. 

FIG. 24 shows an internal configuration of a switching cell 117 shown 
15 in FIG. 22. As shown in FIG. 24, the switching cell 117 is composed of the 

same transistor element as that constituting the memory cell 111. 

Because of the above configuration, a plurality of dummy cell groups 

116 driving the dummy bit lines DBL 1 and DBL2 are classified into a 

plurality of groups placed continuously on the same dummy column 301, and 
20 respectively connected to the switching cells 117, whereby a defective dummy 

cell can be replaced without increasing the number of dummy columns. 

Thus, the production yield can be enhanced without increasing the area of the 

memory array 300. 

Furthermore, an amplifier startup timing can be controlled by the 
25 first amplifier control circuit 142 and the second amplifier control circuit 143. 

Therefore, a shift of an amplifier startup timing caused by the difference in 

memory cell configuration can be corrected effectively. 

Furthermore, the number of a plurality of dummy cells 112, which are 

selected respectively by the dummy word lines DWLl, DWL1A, DWL2, and 
30 DWL2Ain a plurality of dummy cell groups 116 in FIG. 22 and which drive 

the dummy bit lines DBL1 and DBL2, is set to be the same; the switching 

cells 117 are placed between the dummy cell groups 116 in the dummy 

columns; and the dummy word lines DWLl and DWLl A, and DWL2 and 

DWL2A that are output lines of the dummy control circuit 403 shown in FIG. 
35 21 are set so as to have an equal length until they are input to the dummy 

cells 112 shown in FIG. 22. Thus, a dummy circuit with a higher precision 

can be configured. 
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As described above, according to the present invention, a plurality of 
dummy columns are placed at a position close to a row decoder in a row 
direction and a position farthest from the row decoder in a row direction so as 
to interpose memory cells therebetween, and in the case where a dummy cell 
in one of the dummy columns is defective, the dummy cell can be replaced 
with the dummy cell in the other dummy column, whereby the production 
yield of the semiconductor memory device can be enhanced. 

Furthermore, by providing delay adjusting portions in the dummy 
column selector and the amplifier control circuit, a wiring load can be 
simulated with a good precision, corresponding to a change in a configuration 
of a memory cell, and a dummy circuit with a higher precision can be 
configured. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this application are to be considered in all respects as illustrative 
and not limiting. The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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